The properties of poly (4-aminophenol) 
INTRODUCTION
Organophosphate pesticides residue is a serious problem in the food safety and its detection on site is essential. Usually the detection methods are based on the inhibition of acetylcholinesterase by the pesticides. Chemically modified electrodes have become very attractive due to high selectivity and sensitivity (Pilar et al., 2002) . Chemically modified electrodes are devices containing a supporting electrode and a layer modified chemically. The main purpose for this modification is to control the chemical and physical properties of the electrode/solution interface, thus, improving the reactivity and selectivity of the surface. Modified electrodes with polymeric films formed by the electropolymerization of organic monomers have encouraged research in the field of electrochemistry (Stozhko et al., 2004; Zhao and Zhen-Nan, 2004) . Methods to prepare the modified electrodes by the polymeric films are very simple involving only the immersion of the electrode into the polymer solution. These electrodes have been used for the detection of drugs, pesticides and heavy metals (Yuqing et al., 2004; Durrieu and Tran-Minh, 2002; Dzyadevych et al., 2002; Tsai et al., 2003) . Amperometric and potentiometric sensors have been the most widely used detection systems (Kochana et al., 2008; Lupu et al., 2007) . In this case, the measurements are based on the values of potential difference between the working electrode (sensor) and reference electrode. These transducers have been used for the construction of biosensors based on acetylcholinesterase (Ivanov et al., 2000; Snejdarkov et al., 2004; Tran-Minh et al., 1990) . Accordingly, immobilization, storage and operational stability of cholinesterase are very important for the biosensor exploitation. However, the immobilization process of enzymes on the surface of carbon is difficult, since graphite or the amorphous carbon surfaces usually possess insufficient active groups for direct immobilization of the enzymes. There are many methods suitable for the immobilization of the enzymes on aminocontaining matrices (Hermanson et al., 1992) . Many of these methods result in the decreased enzymatic stability in the water-organic mixtures and storage instability in the dry conditions. The aim of this work was to study the proprieties of poly(4-aminophenol) modified graphite electrode for the immobilization of acetylcholinesterase to use this electrode for the detection of dichlorvos in the continuous flow system.
MATERIALS AND METHODS

Reagents and chemicals
Acetylcholinesterase (VI-S, 403 units/mg protein) and acetylcholine chloride were purchased from the Sigma-Aldrich (Steinheim, Germany). Poly (4-aminophenol) was purchased from the Acros Organics (New Jersey, USA). Other reagents were analytical grade. Solutions were prepared using deionized water obtained from the Gehaka Master System (São Paulo, Brazil). Figure 1 shows the flow injection system used in this work. The polyethylene tubing (i.d.: 0.8 mm) were used for the loops, transmission line and coils. The solutions were pumped using a Minipuls 3 peristaltic pump from Gilson (Villiers Le Bel, France) and Tygon® pumping tubes. 
Apparatus
Preparation
of poly (4-aminophenol)/ acetylcholinesterase modified graphite electrode The graphite electrode was prepared utilizing a mechanically polished graphite disk with alumina (0.3 µm) slurry, ultrasonicated, washed with ultrapure water and dried with the ultra-pure N 2 . The procedure of electropolymerization was performed as described in the literature (Brito-Madurro et al., 2007; Franco et al., 2008a) . The analytical response of the sensor was evaluated using acetic acid solutions (0.05 to 100 mmol L -1 ), containing 1.0 mmol L -1 phosphate buffer in 0.1 mol L -1 KCl. The enzyme was immobilized on the poly(4-aminophenol) modified graphite electrode (Ivanov et al., 2000) . 
RESULTS AND DISCUSSION
Properties of electrodes
In this article, electropolymerization of poly (4-aminophenol) film on the graphite electrode was performed as described in the literature (BritoMadurro et al., 2007; Franco et al., 2008a) . During the electropolymerization, higher value of current was observed after the first cycle in the stage deposition of the polymer on surface. Also, higher value of current was observed increasing the number of potential scans, showing the covering of the electrode surface by the polymeric film. Similar electrochemical behavior was observed for the electropolymerization of polymeric films from 2-aminophenol and 3-aminophenol (Franco et al., 2008a; Franco et al., 2008b; Ferreira et al., 2008) .
The performance of poly(4-aminophenol) modified graphite electrode as potentiometric sensor was studied in the continuous flow system (Fig. 1 ) using acetic acid solutions (0.05 to 100 mmol L -1 ). The results indicated that the poly(4-aminhophenol) graphite sensor presented high sensitivity (58.8 mV L mol -1 ) to hydrogen ions and good reproducibility (RSD= 1.1%; N= 5). Hence, this electrode could be used as potentiometric detection system. The morphology of the poly (4-aminophenol)/acetylcholinesterase modified graphite electrode was investigated by the Atomic Force Microscopy (Fig. 2) 
Evaluation of the flow parameters
After the immobilization of acetylcholinesterase enzyme on the poly(4-aminophenol) modified graphite electrode, the biosensor was coupled in the flow system (Fig. 1 ). Potentiometric response due to hydrogen ions generated by the enzymatic system in the presence of acetylcholine chloride substrate was evaluated. In order to find a compromise between the sensitivity and sampling frequency, the effects of the phosphate buffer and substrate concentrations and pH were investigated. The response of the biosensor was evaluated using 200 µL of acetylcholine solution (0.5 to 100 mmol L -1 ) prepared in carrier solution (1.0 mmol L -1 phosphate buffer in 0.1 mol L -1 KCl). The pH of carrier solution was studied in the range from 6.00 to 8.00 and phosphate buffer concentration was evaluated in the range from 0.001 to 0.10 mol L -1 . The analytical signal for consecutive injections of 200 µL of acetylcholine chloride increased proportionally with the substrate concentration until 10 mmol L -1 . Higher concentrations were not used because there was a large time for the analytical signal to return the baseline and to maintain the compromise with the analytical frequency, 5.0 mmol L -1 acetylcholine chloride was used for further experiments. Analogously, increasing pH values, varying from 6.00 to 8.00, increased the signal. Appropriate results were obtained with a pH of 7.40, favoring the stability of the biosensor. In order to obtain sufficient sensitivity, the phosphate concentration was investigated. Therefore, phosphate solutions were prepared at pH 7.40 and concentration was varied from 0.001 to 0.10 mol L -1 . The analytical signal decreased with the high concentration values. The best compromise for the phosphate concentration was obtained for 0.001 mol L -1 . Table 2 shows analytical figures of merit for the proposed biosensor. (a) 12.4 ± 1.6 Equation 
Response of biosensor for dichlorvos
The detection of dichlorvos was made using the proposed biosensor coupled in the continuous flow system (Fig. 1) . where I is the percent of inhibition, ∆E 1 is the potential difference produced in the enzymatic system before inhibition and ∆E 2 is the potential difference produced in enzymatic system after inhibition. The regeneration step of the biosensor was carried out in the flow system using 200 µL of 5.0 µmol L -1 TMB-4 (1,1-trimethylene-bis (4-formylpyridinium bromide) dioxime). Figures 3  and 4 show the calibration curve for dichlorvos and analytical signals for proposed biosensor in the studied range, respectively. For these concentrations, an inhibition rate from 2.3 to 47.3% was observed. Under the optimized conditions, the poly(4-aminophenol) acetylcholinesterase modified graphite electrode was employed more than 100 times during 12 days. In this case, a decrease of 45% analytical signal was observed. The detection and quantification limits based on the 3r/s and 10r/s where r was the standard deviation of 10 measurements of a blank and s was the slope of the calibration graphs, were 0.8 and 2.4 µmol L -1 dichlorvos, respectively. The selected conditions were judged from a good slope and linearity of the calibration graph obtained with a reasonable analysis time. 
CONCLUSIONS
The graphite electrodes modified with poly(4-aminophenol) showed to be an efficient and promising material for the immobilization of acetylcholinesterase enzyme. The results showed that the poly (4-aminophenol) acetylcholinesterase modified graphite electrode presented high sensitivity for dichlorvos. Hence, this electrode could be used as detection system for pesticides residue. The FI procedure proposed here could to be employed as an inexpensive alternative to those procedures using separation methods of analysis. The proposed method could be very favorable for rapid and precise detection of dichlorvos. It would require simple parts easy to build and would involve only one biosensor and the potentiometric detection was simple.
